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(57) Abstract 

A graphical method of interrogating a computer 
database is provided, the database having a number of 
records and a number of dimensions in which each re- 
cord is represented, the dimensions including head- 
ings and the method consisting in providing a blank 
elementary select table, adding user-determined row 
and column headings and executing a program which 
fills in the cells with data corresponding to the set in- 
tersections of the row and column headings. 
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1 

Method and Apparatus for Graphical Interrogation 

of a Database 

The invention relates to a method and apparatus 
for graphical interrogation of a database. The 
implementation of mouse-driven computer applications in a 
windows environment has materially simplified the general 
use of computers. Facility with a keyboard and knowledge 
of computer languages are no longer necessary. These 
benefits are felt particularly at managerial level and here 
it is important to be able to derive database information 
for monitoring and decision making purposes. Formulation 
of queries is an important managerial function. . 

Database interrogation depends heavily on the 
logical formulation of queries and special text-based 
languages have been developed as a consequence. An 
alternative graphical system of interrogation . is desirable. 
A graphical interrogation technique is described in the 
paper "Query by Example", Proceedings of the National 
Computer Conference 1975 by M.M. Zloof. Here queries are 
formulated by filling in a table corresponding to a given 
relation in a relational database. Fixed and exemplary 
elements are distinguished in the table and a further 
output table is derived which displays the intersection or 
the union of the sets entered. This system suffers from 
two major disadvantages. Firstly , the tabular format of 
the queries is dictated by the established relation tables 
of the database and secondly the formulation of the query 
requires expertise in logic. 

An object of the present invention is to provide a 
simple to use free format query facility in graphical form. 

According to one aspect of the invention there is 
provided a method of interrogation of a computer, database, 
the database having a number of records and a number of 
dimensions in which each record is represented, the 
dimensions including headings and the method consisting in 
providing a blank elementary select table, adding user- 
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determined row and column headings for the table from those 
available in the dimensions, thereby defining rows and 
columns and empty cells at the crossings of the rows and 
columns, and executing a program which fills in the cells 
with data corresponding to the set intersections of the row 
and column headings. 

Preferably there are provided further steps of 
adding one or more further user determined row and/or column 
headings for the table from those available in the 
dimensions, and re-executing the program to fill in the 
empty cells. 

In a preferred embodiment of the invention the 
records are records of quantities and the said data 
corresponding to the set intersections in the summation of 
the quantities of the records of the intersection. 

Preferably the dimensions include sub-headings 
which may be used as column and row sub-headings in the 
select table. It is convenient to arrange that the 
headings and sub-headings for the rows and columns may be 
stacked to qualify the sets for which inter sections . are 
sought. 

The dimensions may be tree structures having nodes 
representing the said headings from which branch further 

2^ nodes representing the said sub-headings, each record 
including a locator field designating its node in each 
dimension and for each node there being available a list of 
the records appropriate at that node. 

It will be appreciated that a free form query 
structure as proposed by the present invention may require 
the simultaneous calculation of a very large number of 
intersections, far larger, in fact, than the number allowed 
by the more restricted graphical or structured language 
techniques employed hitherto, A preferred programming 

^ technique makes this possible in an acceptable processing 
time, thereby rendering the system practical for large 
databases. This technique provides that lists of node 
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records are stored as bit strings of ..length corresponding 
to the total number of records and with bits turned on or 
off according to whether the record for the bit number is 
present at the node or not and; the determination of set 
intersections is effected by successive logical AND 
operations on the bit strings for the nodes selected in the 
select table. With this arrangement advantage can be taken 
of the very fast bit string comparison techniques built in 
to most computer languages. 

Although it is possible to store bit strings for 
each node of each dimension this is not necessary. 
Preferably bit strings are stored for only the leaf nodes, 
namely those at the ends of the branches. For processing 
queries at higher levels a transient bit string for a 
higher level node is obtained -by an OR operation (union) on 
the bit strings of the leaf nodes which depend from it. 

There are some query statements that do not 
readily lend themselves to being included in the free form 
tabular structure described ab.ove without imposing 
processing time handicaps. . These include NOT operators 
(exclusion qualifiers) and size qualifiers such 'as "greater 
than" or "less than". Preferably, a textual language 
facility is added whereby a query answer table which has 
been derived by the free form technique .'can be qualified. 

According to another aspect of the invention there 
is provided apparatus for performing the above described 
method, the apparatus comprising. -.a computer with a storage 
medium holding a database, the database having a number of 
records and a number of dimensions in which each record is 
represented, the dimensions including headings, and the 
computer being programmed to present a blank elementary, 
select table whereby a user may add row and column headings 
for the table from those available in. the dimensions, 
thereby defining rows and columns and empty cells at the 
crossings of the rows and columns, the program being 
further effective to fill in the cells with data 
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corresponding to the set intersections of the row, and 
column headings. 

Another aspect of the invention provides for the 
use of natural language input. In. order to make computer 
information systems more widely accessible and more 'user 
friendly 1 , research effort is being expended to design 
computer systems, that can interpret queries posed in 
'natural language 1 i.e. language as ordinarily used by 
humans as opposed to a specialised database query, language 
such as SQL. 

It is known- to use natural language input in 
combination with other forms of input to a computer system 
in a complementary manner. Examples are discussed in a 
joint paper entitled "Synergistic Use of Direct Manipulation 
and Natural Language" from the Artificial Intelligence 
Centers of SRI International and Lockheed Missiles and Space 
Co. 

According to another aspect of the invention there 
is provided in a system as described above where input means 
are provided to permit a user to specify information 
selection criteria, further input means for permitting a 
user to make natural language input and further comprising 
means for combining the attributes selected using the first 
input means with those embodied in the natural language 
input and which is operable to interpret the natural 
language input in the context of the other input. 

The invention will further be described with 
reference to the accompanying drawings, of which:- 

Figure 1 is a schematic view of apparatus in 
accordance with the invention comprising a programmed 
computer with a database; 

Figure 2 is a diagram of the screen presentation 
for implementing the method of the invention with the 
apparatus of Figure 1; 

Figure 3 is a multi-part diagram where at (a) 'to 
(f) are shown successive stages in the building of the 



PCT/GB91/00200 



10 



15 



20 



25 



30 



35 



- 5 - 

query table of Figure 2; 

Figure 4 is a multi-part diagram illustrating the 
extension of a free format query table in accordance with 
the invention; 

Figure 5 is a diagram illustrating the contents of 
a record in the database of the apparatus of Figure 1; 

Figure 6 is a diagram illustrating the bit string 
comparison technique employed in the preferred method in 
accordance with the invention;' 

Figures 7 and 8 are further examples of query 

tables; 

Figure 9 is a flow chart showing processing . of an 
NL query; and 

Figure 10 is a multi-part diagram illustrating a 
tree structure of the system. . 

Referring to Figure 1 theref is shown a general 
purpose computer conveniently of the personal computer (PC) 
kind and preferably part of -a network of similar machines, 
although this is not illustrated. The computer 1 has a 
screen 2, and a mouse 3, a keyboard 4 and a hard disk 5. 
The computer runs under a Windows environment and the mouse 
is used in conventional manner" ;4, to select items from pull*- 
down menus and by reference to : icons. 

A database is stored on the hard disk 5. In this 
illustration the database is for the domain of financial 
planning over a given time period in an organisation which . 
has several projects running and which incurs expenses of 
several kinds. Thus, the database has a set 6 of records, 
each of which has a record number, an expense value and 
fields which give location and other information. A more 
detailed description of a record will be given later. 

In addition, the database stored on the hard disk 
5 has five dimensions into which each record falls. Each 
domain has a tree structure with nodes and branches. The 
five dimensions are: STATUS; ORGANISATION; .EXPENSE TYPE; 
TEMPORAL; and LOCATION. 
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STATUS DIMENSION , 

The status dimension has two primary nodes; 
DYNAMIC and FIXED. The DYNAMIC node branches to two 
further nodes: COMMITTED and ACCRUED. The FIXED node 
branches to nodes TARGET andGL. Each node represents a 
status of an expense (record). The status of an expense 
will change as it passes through the system. 

ORGANISATION DIMENSION 

The organisation dimension has a node AIM which, 
branches to project nodes CROMWELL; TOCCATA; HARPO and DM. 
These nodes represent projects to which the expenses are 
assigned . 

EXPENSE TYPE DIMENSION 

The TYPE node branches to SOFTWARE; CONSULTANCY; 
RENT and TRAVEL. These are the types of the expenses. 
TEMPORAL DIMENSION 

This is a calendar dimension having a node FY90 
(Financial Year 1990) which branches to "quarter" nodes Ql; 
Q2; Q3 and Q4 . The quarter nodes branch to respective 
"month" nodes: J; F; M; etc. 

LOCATION DIMENSION 

The LOCATION node branches to system location 
nodes to where the expense has been assigned: MAILBOX; 
MYDATA; and BIN. 

Referring now to Figure 2 there is shown a screen 
presentation typical in the execution of the invention. 
The screen has multiple windows. At the left-hand side is 
a set of windows representing the dimensions described 
above: window 7 for the STATUS dimension; window 8 for the 
ORGANISATION dimension; window 9 for the EXPENSE TYPE 
dimension; window 10 for the TEMPORAL dimension and window 
11 for the LOCATION dimension. 

At the right hand side is a window 12 which shows 
a typical expense record with the name TRAVEL 1. At the 
top part of the record are shown the nodes of the dimension 
which "the record occupies, namely TEMPORAL; JAN 90; STATUS; 
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COMMITTED; ORGANISATION; HARPO; EXPENSE TYPE, TRAVEL and 
LOCATION, MYDATE. This information is stored in the record 
on the database. Other fields, in the record gives the 
illustrated details of the expense and its value. 

At the centre of the screen is. a window 13 which 
has a free form query select table. The table in this 
illustration has been set up to interrogate the database by 
filling in column headings and sub-headings with LOCATION, 
MYDATA; TEMPORAL, Ql-09; STATUS ; COMMITTED, ACCRUED and 
TARGET and by filling in the row headings and sub-headings 
with ORGANISATION, AIM, CROMWELL, TOCCATA, HARPO and DM. 
The table created is thus a 3 x 4 table with twelve cells 
at the crossings of the rows and columns. By clicking the 
mouse on EVALUATE, the program is triggered to fill in the 
cells with the totals of the values of the records which 
are the intersections of the sets dictated by the table. 

The column and row headings and sub-headings are 
selected from the node names of the dimensions by means of 
clicking and dragging with the mouse. Any combination can 
be selected and it is immaterial whether the headings are 
in rows or columns. From the illustrated column headings 
it will be seen that headings may be stacked - e.g. 
■■Mydata"; "Ql-09" and the three status headings. The 
program evaluates the intersection of the sets thus defined 
5 and adds the values of the expenses to display them in the 
cells. 

If the database were essentially a non-numerial 
database then the cell would display the number of records 
in the intersection. The records could be listed by 
expanding the cell into another window or by scrolling in 
the cell, for example. 

In Figure 3 there is illustrated the successive 
stages in building the query table 13 of Figure 2. 
Initially, the user is presented with an elementary select 
55 table 14, Figure 3(a). By clicking and dragging with the 
mouse to the column query 25 the user inserts the "Mydata" 
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heading from the LOCATION dimension r Figure 3(b). Then he 
inserts the heading "Ql-09" from the TEMPORAL dimension, 
Figure 3(c). Next he selects sub-headings "Committed", 
"Accrued" and "Target" from the STATUS dimension as sub- 
headings, Figure 3(d). These column headings are thus 
stacked and already an intersection set of records 
corresponding to the logical AND of the column headings has 
been established in the computer memory in a manner to be 
described. 

Figures 3(e) and 3(f) show the successive stages 
of selecting the row heading "AIM" and sub-headings 
"Cromwell", "Toccata", "Harpo" and "DM". When a select 
table has been used it is stored so that it may be re-used 
or modified to give a new select table. 

It should be appreciated' that , after Figure 3 (c), 
the row heading "AIM" could have been used instead as 
another column heading prior to the insertion of the status 
headings in Figure 3 (d) so that there would be no row 
headings in the select table, as shown in Figure 3 (g). In 
practice it usually produces a more readable table to use 
both row and column headings but a user could use just row 
headings or just column headings if desired. 

In Figure 4 there is illustrated the successive 
stages in building a query table. The starting point is 
taken as table (c) in Figure 3. Next the user selects the 
row heading "AIM" from the ORGANISATION dimension, Figure 
4(a). By clicking on the "execute" button the user executes 
the program to evaluate the intersection of the sets. Here 
there is only one cell and one answer. 

Having considered the answer, the user may conclude 
that he requires a break-down. He can achieve this by 
expanding the query select table and re-executing the 
evaluation program. By clicking on the column query mark 50 
and the "committed" node in the displayed STATUS dimension, 
the user qualifies the column headings by the "committed" 
status. This is shown in Figure 4(b). Then, by clicking on 
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the AIM row heading 51 and the row query 52, the user 
automatically qualifies the AIM heading by the four project 
sub-headings "Cromwell"; "Toccatta" ; "Harpo" and "DM". 
Further cells are automatically introduced at this stage and 
execution of the program fills all the cells in with their 
appropriate figures as shown in Figure 4(c). 

Referring now to Figure 5 there is shown the 
format of a record. The record has a number according to 
its address in the record file. This is not explicitly 
stored in the record itself- At the beginning of the 
record is a text field 16 for record type, a number field 
17 for record value, and then follow a locator field 18 and 
free fields 19. The locator field has five addresses 
corresponding to the nodes which the record occupies in the 
five dimensions. Thus, for the example of the record at 12 
in Figure 2, the locator addresses would be for Ql-09 
(TEMPORAL); Committed (STATUS); Harpo (ORGANISATION); 
Travel (EXPENSE TYPE) and Mydata (LOCATION). The free, 
fields 19 carry the detailed information shown at 12 in 
Figure 2. 

As the appropriate data is entered on the "record 
sheet" shown as 12 in Figure 2, so the dimension leaf nodes 
are updated. Each dimension leaf node carries a record of 
the record numbers appropriate to that node. This 
information is stored in a particularly useful way, as 
illustrated in Figure 6. Here there is a node list which 
is a field of successive bytes having a total number of 
bits corresponding to the total number of records in the 
database. If a particular record is appropriate to the 
node then the respective bit number of the node list bit 
string is turned on (status 1). If not it has status 0., 

As successive headings and sub-headings are 
selected for the query table, the respective node bit 
strings are operated upon to produce further bit strings. 
Thus, if a higher level heading such as 01 is selected, the 
appropriate leaf node bit strings (JFM) are ORed to produce 
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an intermediate union bit string. Any such intermediate 
bit strings are finally ANDed with each other and with leaf 
node bit strings as appropriate to produce further bit 
strings which represent the records belonging to the 
intersection of the node sets. This process is repeated 
for successive selections and it will be seen that in this 
way bit strings representative of the record sets for the 
cells of the table can be rapidly derived. It is then a 
simple matter to scan the values of the records for 
insertion of the totals in the cells. 

As an illustration, Figure 6 shows a first node 
bit string 20 with records 1, 3, 6, 7 and 8 present; a 
second node bit string 21 with records 2 f 3, 5, 6 and 9 
present and the intersection bit string 22 of these with 
records 3 and 6 present. 

In addition to deriving the intersection of bit 
string sets, the computer language allows the union of sets 
and other set operations to be executed. For example, NOT 
OR and XOR instructions can be executed. In order to 
facilitate the introduction of other instructions, 
including quantitative instructions such as "greater than", 
"equals", and "less than", the screen of Figure 2 has a 
natural language query box 24 whereby query text can be 
entered by keyboard. Conveniently such queries operate as 
the results of a free form query as displayed. 

The free form query table may act as a "context" 
for a natural language query, and so influence how that NL 
query is interpreted by the system, and, in turn, influence 
the form of the response to the NL question. 

In this augmentation of the approach described 
above it is possible for both the STRUCTURE and CONTENT of a 
table to act as a context for an NL query. For example, the 
entire table shown in Figure 7 can act as a context. 
Against this context, a query such as "Summarise the 
expenses for all quarters in FY- 91" will yield the table in 
Figure 8. Here the query is assumed to range over the 
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restricted world of expenses far TRAVEL and for AIM. 
Crucially, however, the structure of the context table is 
preserved in the output table: the labels .for AIM and TRAVEL 
remain. 

By selecting a tabular context for an NL query f a 
user is specifying some parameters in advance of those 
expressed in the NL query. This approach can enhance user 
productivity by providing flexibility and obviating the need 
to type in long NL sentences. 

Considering the query: 

"Summarise the expenses for all quarters in FY91 n 
when posed in the tabular form shown- in Figure 7 we will 
describe how such a table can be used to cpntextualise an NL 
query- First however, it is useful to consider the basic 
linguistic processing applied to a sentence, irrespective of 
whether it is given a tabular context. 

Figure 9 shows the standard main steps in 
processing an NL query 45. Standard NL processing 
techniques are used at step 49 to derive from the sentence a 
semantic representation. At step 51, discourse processing 
and database translation techniques are used, along with any 
other relevant input 47, to derive an unambiguous query 53 
which is then evaluated in the database at step 55 and the 
result 57 is provided to the U9er. 

One possible implementation uses the Core Language 
Engine, developed at SRI International (Alshawi et al 1989), 
.but other programs could be used. 

For the above sentence, the system derives the 
following representation (here simplified and altered for 
the purposes of exposition): 
( SHOW- SUMMARY 

(Set X s.t. (EXPENSE- FORM X) & (FOR-TIME X Q) 
(QUARTER Q) & IN-PERIOD(Q fy-91)))] 

This can be read as follows: "show a summary of the 
set consisting of all those values X, where X is an expense 
for, X is for a time period Q, Q is a quarter, and Q is in 
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the time period FY-91. (Here, "s.t." means "such that"). 
To find the relevant expenses in the database, the 
expression which corresponds to the NOUN PHRASE "the 
expenses for quarters in FY-91", 
( SET ) 

must be evaluated against the database. This is done by 
translating the (SET ...) expression into a formal query in 
the database query language, and running the query against 
the database . 

10 (It is a simple matter to translate this (SET ...) 

representation into a database query in a database query 
language, and depending on the database query scheme used - 
eg. SQL or Prolog — the final database query will look 
similar or different to the representation above). 

The query is executed against the database to 
return the set of values X which satisfy the constraints 
placed on them. Here we are assuming that X is some 
representation of an expense form - eg. if a unique number 
is used for every distinct expense form, the above 
expression would evaluate to a set such as 

(23,43,52,16,27, ) where each number denotes an expense- 
form. 

We then apply the SHOW- SUMMARY procedure to this 
set; this, looks up the expense form details associated with 
every expense-form identifier and represents them on the 
screen in the desired format. 

The contextualisation of sentences requires 
augmentation of the process of interpreting the sentence. 
It has been found that for some applications, queries to the 
system typically include all of the relevant restrictive 
information in the main noun phrase of the sentence. For 
this reason, when considering tabular contexts, we shall 
describe inserting the tabular restrictions at the noun 
phrase level only. If we assume the tabular context of 
Figure 7 this introduces the contextual restricts on X, that 
(FOR ORGANISATION. X aim) & (FOR-purpose X travel) 
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These restrictions can be derived from the table on 
the basis of a set of rules which — for example — 
translate the tabular label "travel" into the constant used 
to describe "travel" in the linguistic world. Knowledge 
built into the linguistic program enables it to infer that 
the appropriate restriction for travel is "FOR-PURPOSE" , and 
similarly the predicate " FOR-ORGANISATION" for the other 
label. 

This representation of the tabular context can be 
merged with that for the sentence, to produce the following 
representation for the contextualised sentence : 

(SHOW-SUMMARY { SET (X s.t ( EXPENSE- FORM X) & ( FOR- 

TIME X Q) 

{ FOR-ORGANISATION X aim) & (FOR-PURPOSE X travel) 
(QUARTER Q) & IN-PERIOD (Q fy-91)))] 
Hence the evaluation of the contextualised sentence 
will produce a set of those values X, restricted as before 
in pure linguistic processing, and in addition restricted so 
that X is for the organisation AIM and X is for the purpose 
of travel . 

In this way, when the query has been given a 
tabular context, then the attributes already present in this 
table are combined with those derived from the linguistic 
phrase to produce the new structure of the table. At the 
same time, when searching the database for all "expenses for 
all quarters in FY-91", we further restrict the search in 
line with the attributes specified in the table — i.e. 
TRAVEL and AIM. 

In addition, in the system described above, the 
response to a natural language (NL) question or command can 
be represented as a summary table, as well' as a set of 
expense forms; the user can state which is preferred. 

For example, the. user can type "Summarise the 
committed expenses for all projects in- FY-90". The response 
can be in the form of a table of exactly the same kind as 
those produced by standard tabular querying. 
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Such a table produced by the NL is not simply a 
static image displayed on the screen. It is a dynamic 
object which has all the properties of a table produced 
through the standard "point-and-click" route of tabular 
querying. Therefore such a table can be developed by 
further selection and formatting, from the graphical models, 
and it is possible to "drill-down" from any of its cells to 
retrieve the relevant expense forms. This is possible by 
effectively representing the content of the NL query in the 
"language" of summary tables so everything that the.NL query 
expressed can be conveyed in the tabular query. 



The present invention also has more general 
application in combining MENU-based querying with NL-based 
querying. Reverting to the above example of contextualising 
NL against tables. In the abstract, this involves 
contextualising against a set of discrete selections from a 
space of possibilities (e.g. select expense status - 
PLANNED, expense type = TRAVEL , and so on.) Such a space of 
possibilitites is very often represented as a MENU system, 
where the user is asked to select from a set of options 
presented to him/her. .In that example, the domain of 
expense dimensions could be represented in menu terms as 
follows. When we enter the system, we can do one of five 
things : 

A Specify some STATUS dimensions 

Specify some ORGANISATION dimensions 

Specify some EXPENSE TYPE dimensions 
' Specify some TIME dimensions 

State a restriction in natural language 

We choose the first option, and the system gives us 
these choices: 

B I want FIXED expenditure 

I want DYNAMIC expenditure 

State a restriction in natural language 
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You choose "DYNAMIC" but because DYNAMIC has ■ 
subcategories you are given another choice: 
C I want all DYNAMIC expenditure 

I want PLANNED expenditure 

I want COMMITTED* expenditure 

I want ACCRUED expenditure 

State a restriction in natural language 

You make your choices, say PLANNED and COMMITTED , 
and hit a button to indicate that you have finished your 
selection on this screen. You return to' the previous screen 
B, and again indicate that you have finished at this level. 
The menu then gives you these options: 
A2 Specify some ORGANISATION dimensions 

Specify some EXPENSE-TYPE dimensions 

Specify some TIME dimensions 

State a restriction in natural language . 

Let's say you do a similar thing in the expense- 
type menu "space" and when you have finished that you have 
chosen the following: 

(I want PLANNED or COMMITTED expenditure , 
I want TRAVEL expenditure) 

At this point you have the following options: 
A3 Specify some ORGANISATION dimensions 

Specify some TIME dimensions 
State a restriction in natural language 
You decide on NL, and the system gives you this 

screen: 

E Please enter NL query: 

You type: 

"for the first- three quarters: in FY-91" 

At this point you return to the menu main screen, 

which will be the same as A3. Your restrictions are now 

effectively: 

(I want PLANNED or COMMITTED expenditure, 

I want TRAVEL expenditure, I want Ql or Q2 or Q3 

expenditure) 
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Let's say you have made all the selections you 
want. Your selections and NL can be translated into an 
expression for evaluation, such as: 

(SET X S.t. (EXPENSE-FORM X) & ( FOR-PURPOSE X travel) 
& [ (HAS-STATUS X PLANNED) OR (HAS-STATUS X 
COMMITTED)] 

& [ (FOR-TIME X ql) OR (FOR-TIME X q2) OR 
(for-time x Q3) ] ) 

When a request of menu selections to be evaluated 
against the database is made , the query evaluation phase 
will return all Xs that satisfy these constraints. 
Constraints that arise from selections WITHIN the same 
"dimensions" are ORed. Restrictions underlying the menu 
selections eg. "TRAVEL" can be converted into NL-or ientated 
restrictions in a manner . similar to that described for the 
tabular format example. That is, these restrictions can be 
derived from the menu selections on the basis of a set of 
rules which eg. translate the menu label TRAVEL into the 
constant used to describe "travel" in the linguistic world. 
Knowledge built into the linguistic program enables it to 
infer that the appropriate restriction for TRAVEL is "FOR- 
PURPOSE". Any restrictions from the same dimension are ORed. 

It should be noted that rather than processing only 
complete sentences, a system according to the invention may 
be configured to process fragments of sentences. 

The tree structures of Figure 1 (typically the 
TEMPORAL tree) represent dimensions, or in other words 
classifications, of the domain. There follows a discussion 
of the interpretation of the classification trees and the 
selector row and column headings which are combined to 
provide the database query mechanism. 

The nodes. of the classifications trees correspond, 
either directly or indirectly, to a set of data base records 
in the following way: 

If the classification tree node is a leaf node, 
i.e. has no children, then it represents a set of records 
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obtained by retrieving all records from the database that 
have a particular value for a specified data field. Should 
this set of records be retrieved from the database then 
these records may be 'remembered' to avoid this computation 

in the future. 

If the classification tree node- is not a leaf node, 
i.e. it has children nodes, then it represents the union of 
the sets of data records corresponding to each of the 

children nodes. 

Thus, it is possible to associate a database query 
with each node in the classification tree. For example, in 
a tree having the format of Figure 10(a) the leaf nodes d, e 
and f are associated with the queries. 

d: key = "d value" 

e: key = "e value" 

f. key = »c value" 

The two non-leaf nodes are associated with the 

: union of query (key = "d value") and query (key 
= "e value") 



25 



30 



35 



queries 



and 

a: union of (union of query (key = "d value") and 
query (key = "e value")) 
and query (key = "c value"). 
The query for a can be re-written as follows 
a: union of query (key = "d value") 
and query (key = "e value") 
and query (key: = "c value") 
That is, each node in the classification trees 
corresponds to a union of one or more sets of data records, 
each corresponding to a • database query of the form key - 
"value" . 

A selector is a two-dimensional report whose column 
and row headings are specified by the user by selecting 
nodes from the classification trees. Once the columns and 
rows have been specified, then the implied query may be 
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posed and the results displayed to the user. 

The rows and columns are handled in the same way. 
Consider only the column headings. The column headings form 
a treee, the leaves of which correspond to each column. 
Each node in the headings tree is associated with a 
particular node in the classification trees. Each node in 
the headings tree is assumed. to represent the set of records 
formed by intersecting the set of records associated with 
the node's parent and the set of records associated with the 
classification node. The root node, always labelled '?', is 
assumed to refer to -the entire database. 

Thus, if there is a headings tree of the form of 
Figure 10(b) then the heading of 'c' represents a set of 
records obtained by the query 

intersection of (intersection of whole data base 
and (query associated with classification node a)) 
and (query associated with classification node c) 
rearranging gives 

intersection of (whole database) 

and (query associated with classification node a) 
and (query associated with classification node c) 
That is, each heading represents a conjunction of 
queries, each query being the disjunction of sets of records. 

When the user requests that a 'selector 1 be 
'executed' ; then a data structure representing each row and 
column is created. This data structure is an access plan. 
That is, it represents a set of activities that will be 
performed that results in a set of records being associated 
with each row and column. As described above, each column 
heading represents a conjunction of disjunctions of sets of 
records. That is, can be represented as a data structure 
with the following structure 

intersect (union( queryll , queryl2, queryl3, ), 



PCT/GB91/00200 



- 19 - 

union ( query21 f ....), 
) 

This structure may be rewritten , . and so optimised , 
by using a number of rules: 

1. union (Whole database, Set) == Whole Database 

2. intersection (Whole database, Set) ~ Set 

3. intersection (Set, Set) == Set 

4. union(Set, Set) == Set 

5. intersection (Set given by key = valuel, 

Set given by key = Value2) — Empty Set 
if Valuel and Value2 are different. . 

6. intersection ( Set , I3mptySet) == Empty Set 

7. union (Set, EmptySet) ' ' ~ Set 
Once the structure has been optimised, then the 

query is posed. This results in sets of records being 
associated with each row and column in the selector. These 
sets of values are permanently associated with the row and 
column headings. 

The set of records fox each cell in the report can 
now be obtained by taking the intersection of the 
appropriate row and column sets. 

There follows a description of the processing 
required to re-pose a query defined by a selector. 

The user is permitted -only, to amend the row and 
column headings by adding additional nodes to existing row 
and column headings. If the existing .query was posed, then 
the original leaf nodes would have been annotated with their 
access plan and the resulting set of records. This 
information may be used to optimise the query execution. 

Assume the original colnamns tree has the format of 
Figure 10(b). This is then evaluated which causes the nodes 
c, d, e and f to be annotated with their- query access plan 
and the resulting set of records. This tree is then amended 
to the form of Figure 10(c). 
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< To generate the access plan for the new nodes g and 
h, it is necessary only to intersect the set of values 
associated with node c with the sets of values corresponding 
to classification nodes g* and h. This eliminates the need 
to consider the whole columns tree when generating the 
access plans- and so increases speed. 

There follows a description of the data structures 
of the system. There are a number of classification trees 
each corresponding to a different 'dimension 1 in the 
database. There is a data structure to store the roots of 
each of the trees: 

classif ication_tree (tree_name, root_node_id ) . 

Each node in the classification trees is given a 
unique identifier and has one of the two following 
structures : 

classif ication_tree_node ( unique_ident if ier , 

1 leaf node 1 , 

tree_name, 

unique_identif ier_of_parent , 
query_associated_with_node , 



un 



cached 1 or set of records from database). 



\ classif ication_tree_node ( unique_identif ier , 

1 non-leaf node 1 , 
tree_name , 

unique_identif ier_ofj?arent , 

list_of_unique_iden.tif iers_f or_each_child ) . 

Lastly, it is necessary to track which hierarchy 
nodes have been selected by the user. This will be used to 
modify a selector, and then to ensure that the hierarchy 
nodes are redisplayed in their default state. 

Each existing selector has a data structure that 
describes its current state. This has the format: 

selector (unique_identif ier , 
column_structure , 
row_structure f 

set_of_currently_selected_cells , 
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set_of_currently_selected_rows , 
set_of_currently_selected_columns ) 
As the user selects cells in the selector for 
further processing, the set of currently selected cells is 
maintained. Similarly for the set of currently selected 
rows and columns. 

The rows and columns are defined as follows: 
heading_root_node ( RootNodeld ) . 
heading_node(unique_identif ier , 

maps_to_classificati o n_t r e e_n od'e_ id , 
unique_i.dentif ier_of_parent , 
list_of_unique_identif iers_f or_children , 
access_plan, 
set_of_records ) 
where the access_plan is a tree structure whose 
nodes are defined as follows: 

access_plan_node : := intersection ( list of 

access_plan nodes ) 
or union ( list of access_plan_nodes ) 
or leaf_set( set of records ) 
or query ( query ) 

If the access plan or the set_of_records has not 
yet been computed then an indicator value is used. 

There follows a description of the computation that 
is performed in order to modify an existing selector .to 
build a new selector. 

To amend an existing selector the user performs the 
following actions: 

1. Select a number of classification tree nodes. 
This results in a set of 'selected classification 

nodes 1 . 

2. Select one or more row and columns in the 
target selector. 

This results in a set of 'currently selected rows 1 
and 'currently selected columns 1 . 

3. Select a 'Format 1 option. 
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This causes a copy to be made of the entire data 
structure that represents the selector. Because structure 
sharing is used this is not as expensive as it might appear. 
Mew row and/or column nodes are created, one for each 
classification node in the selected set. These nodes are 
linked into the set of children associated with each of the 
selected row and column nodes. The new selector is then 
displayed. All nodes marked by the user in the 
classification trees, row headings or column headings are 
reset back to their default state and the sets of selected 
items cleared. 

In order to evaluate a selector the following steps 
are necessary: 

1. Make a copy of the old selector to work upon. 

2. Compute the set of records that are associated 
with each row and column. 

3. Redraw the new selector, calculating the values 
for each cell. The cell value is a function of the set of 
records defined by the intersection of the records 
associated with the row and column the cell lies in. 

With regard particularly to the second step, 
consider each leaf node of the row (and column) header tree. 
If the leaf node contains a set of previously computed 
records then no further processing is necessary - the old 
results may be re-used. If not previously computed, then 
the row header tree is traversed upwards towards the root 
building up an access plan. Traversing is stopped once 
either the root node is reached, or a node that contains a 
set of records (from a previous evaluation) is reached. A 
new access plan is generated and optimised using the rules 
mentioned in section 1.3. This access plan is then executed 
and the resulting set of results stored in the leaf node. 
In this way much of the computation performed in earlier 
selectors can be re-used. 
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CLAIMS 

1. A method of interrogation of a computer 
database, the database having a number of records and a 
number of dimensions in which each record is represented, 
the dimensions including headings and the method consisting 
in providing a blank elementary select table, adding user- 
determined row and column headings for the table from those 
available in the dimensions , thereby defining rows and 
columns and empty cells at the - crossings of the rows and 
columns, and executing a program which fills in. the cells 
with data corresponding to the set intersections of the row 
and column headings. 

2. A method as claimed in Claim 1 including the 
further steps of adding one or more further user-determined 
row and/or column headings for the table from those 
available in the dimensions, and re-executing the program to 
fill the empty cells. 

3. A method as claimed in Claim 1 or Claim 2 
wherein the records are records of quantities and the said 
data corresponding to the set .intersections is the summation 
of the quantities of the records of the intersection. 

4. A method as claimed in any of the preceding 
claims wherein the dimensions -include sub-headings which 
may be used as column and row sub-headings in the select 
table. 

5. A method as claimed in Claim 4 "wherein the 
headings and sub-headings for the rows and columns may be 
stacked to qualify the sets for which intersections are 
sought. 

6. A method- as claimed in Claim 4 or Claim 5 
wherein the dimensions are tree structures having nodes 
representing the said headings, from which branch further 
nodes representing the said sub-headings, each record 
includes a locator field designating its node in each 
dimension and for each node there is available a list of 
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the records appropriate to that node. 

7. A method as claimed in Claim 6 wherein lists 
of records at each node are stored as a bit strings of 
length corresponding to the total number of records and 
with bits turned on or off according to whether the record 
for the bit number is present at the node or not, and the 
determination of set intersections is effected by 
successive logical AND operations on the bit strings for 
the nodes selected in the select table. 

8. A method as claimed in any of the preceding 
claims wherein the r.esults of a query can be qualified by 
one or more textual language queries which may include 
exclusion qualifiers or size delimiters. 

^ 9. Apparatus for performing the method of any of 

Claims 1 to 8, the apparatus comprising a computer with a 
storage medium holding a database, the database having a 
number of records and a number of dimensions in which each 
record is represented, the dimensions including headings, 
and the computer being programmed to present a blank 
elementary select table whereby a user may add row and 
column headings for the table from those available in the 
dimensions, thereby defining rows and columns and empty 
cells at the crossings of the rows and columns, the program 
being further effective to fill in the cells with data 
corresponding to the set intersections of the row and 
column headings. 

10. A computer system comprising apparatus as 
claimed in Claim 9 having first input means for permitting 
a user to specify said select table and second input means 
for permitting a user to make natural language input and 
further comprising means for combining the attributes 
selected using the first input means with those embodied in 
the natural language input and which is operable to 
interpret the natural language input in the context of the 
other input . 
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